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The ability to identify the largest amount of prey available is fundamental
for optimizing foraging behaviour in several species. To date, this cognitive
skill has been observed in all vertebrate groups except reptiles. In this study
we investigated the spontaneous ability of ruin lizards to select the larger
amount of food items. In Experiment 1, lizards proved able to select the
larger food item when presented with two alternatives differing in size (0.25,
0.50, 0.67 and 0.75 ratio). In Experiment 2 lizards presented with two groups
of food items (1 versus 4, 2 versus 4, 2 versus 3 and 3 versus 4 items) were
unable to select the larger group in any contrast. The lack of discrimination
in the presence ofmultiple items represents an exception in numerical cognition
studies, raising the question as to whether reptiles’ quantitative abilities are
different from those of other vertebrate groups.1. Introduction
The ability to estimate and compare quantities is of prime importance for
several aspects of the relationship between an animal and its natural environ-
ment. Such competence is useful to assess the relative number of opponents
in potentially aggressive interactions (e.g. hyenas, Crocuta crocuta, [1]) and pro-
vides an advantage in foraging decisions as several mammals, birds,
amphibians and fish maximize their energy intake by selecting the larger
group of food items available (e.g. chimpanzees, Pan troglodytes, [2]; pigeons,
Columba livia, [3]; salamanders, Plethodon cinereus, [4]; and guppies, Poecilia
reticulata, [5]). Quantitative abilities are essential for both prey and predator sur-
vival. On one hand, the risk of an individual of being spotted by a predator
diminishes as the quantity of conspecifics in the group increases (a phenom-
enon called ‘dilution effect’: [6]). On the other hand, predators adjust their
predation strategy depending on the number of prey available [7]. Interestingly,
the performance of mammals, birds, amphibians and fish on relative quantity
judgements varies as a function of ratio in line with Weber’s law which states
that the just-noticeable difference between two stimuli is proportional to the
magnitude of the stimuli themselves. These similarities suggest that animals
most likely share a similar numerical system [8].
To date, existing studies in this field have investigated all vertebrate groups
except reptiles. However, there is no reason to believe that the selective press-
ures in favour of the ability to estimate different quantities should not have
acted on this vertebrate group. To fill this gap, we investigated quantitative abil-
ities in ruin lizards (Podarcis sicula) using the most common procedure adopted
in this field, a free choice test in the presence of food items differing in quantity
[2–5,9]. In detail, in Experiment 1 we tested whether lizards attempt to maxi-
mize the amount of food intake. Subjects could choose between two pieces of
food items differing in size. Four different ratios comparing items’ sizes were
used: 0.25, 0.50, 0.67 and 0.75. Experiment 2 was designed to assess quantitative
box
experimental
compartment
ramp
holding
area
Figure 1. Schematic representation of the experimental apparatus used in
both experiments (top view). Example of a trial of Experiment 1 (i.e. the
lizards were presented with a choice between two food items of different
size). (Online version in colour.)
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2abilities of lizards in the presence of two groups of food items
differing in number. The same ratios as in Experiment 1 were
presented: 1 versus 4 (ratio 0.25), 2 versus 4 (0.50), 2 versus 3
(0.67) and 3 versus 4 (0.75).2. Material and methods
(a) Subjects
Subjects were 27 adult ruin lizards, Podarcis sicula (12 subjects in
Experiment 1 and 15 in Experiment 2), collected from the area of
Ferrara and maintained at the Department of Life Sciences and
Biotechnology, University of Ferrara. However, a total of nine
lizards (three in Experiment 1 and six in Experiment 2) were
not admitted to the testing phase. As a consequence, the total
sample consisted of nine subjects in Experiment 1 (eight males,
one female), and nine subjects in Experiment 2 (seven males,
two females).(b) Apparatus and stimuli
Subjects were tested in a Y-shaped enclosure divided into a
tunnel that served as holding area and an experimental
compartment where stimuli were presented during testing
(figure 1). Lizards could view the stimuli from the top of a
ramp inserted into the tunnel before entering the experimental
compartment (additional details can be found in the electronic
supplementary material, S1).
Stimuli consisted of Musca domestica larvae placed on two
supports in the centre of the experimental compartment; they
were equidistant with respect to the subject’s path of approach.
The size, number and arrangements of the larvae on each
support varied according to the schedule of each experiment.
After the subject made its choice, a green box was placed over
the unchosen stimulus to prevent its consumption.
To reduce the possibility of subjects using olfactory cues, the
experimental compartment was saturated with the smell of six
non-visible larvae (for details see the electronic supplementary
material, S1).(c) Experimental procedure
We performed two experiments with the same apparatus and
basic procedure (see the electronic supplementary material, S1).
After a 3-day acclimation phase to familiarize the lizards
with the experimental apparatus and procedure, the subjects
entered the test phase. The lizards underwent a series of trials
in which two stimuli differing either in size or in number of
food items were presented. Only one food set could be selected
per trial. Once the subject had chosen one stimulus (by approach-
ing one support), it was allowed to eat the content while the
other was gently covered with the green box (see the electronic
supplementary material, video S2). Stimuli were presented in a
pseudo-random sequence with the restriction that the larger/
smaller stimulus was never presented more than twice in a
row on the same side. The left–right position of the stimuli
was counterbalanced over trials.(d) Experiment 1
In this Experiment, we investigated whether lizards are able to
discriminate between food items differing in size. Subjects were
observed in their spontaneous preference between pairs (1
versus 1) of differently sized larvae (range from 5 to 25 mm2),
one on each support, with four size ratios within each pair
(0.25, 0.50, 0.67 and 0.75). The lizards underwent a total of 64
trials (16 for each discrimination) over 11 days in which the
size discriminations were intermingled across trials.(e) Experiment 2
We investigated lizards’ choices between two sets of equally
sized food items (5 mm2) differing in number. Four numerical
discriminations were presented: 1 versus 4, 2 versus 4, 2 versus
3 and 3 versus 4 (the same ratios used in Experiment 1: 0.25,
0.50, 0.67 and 0.75, respectively). The lizards underwent a total
of 64 trials (16 for each discrimination) over 16 days in which
the numerical discriminations were intermingled across trials.
For statistical analyses we computed the proportion of
choices for the set with the larger food item (Experiment 1) or
the larger number of food items (Experiment 2).3. Results
A mixed-model ANOVA on Ratio (0.25/0.50/0.67/0.75) as
within-subjects factor and Experiment (Experiment 1/Exper-
iment 2) as between-subjects factor showed a main effect of
Experiment (F1,16 ¼ 55.012, p, 0.001, partial eta squared
h2P ¼ 0:775) and Ratio (F3,48 ¼ 9.735, p, 0.001, h2P ¼ 0:378).
The interaction was marginally non-significant (F3,48 ¼ 2.44,
p ¼ 0.076, h2P ¼ 0:132). Trend analysis indicated a significant
decrease of performance as a function of Ratio ( p ¼ 0.035).
We also found a significant Experiment  Ratio trend
interaction ( p ¼ 0.032). Separate analyses for the two
experiments showed that this was due to the fact that
discrimination significantly decreased with Ratio in
Experiment 1 (repeated measures ANOVA: F3,24 ¼ 12.674,
p, 0.001, h2P ¼ 0:613; linear trend: p, 0.001) but not in
Experiment 2 (F3,24 ¼ 2.139, p ¼ 0.122, h2P ¼ 0:211; figure 2).
Bonferroni post hoc tests in Experiment 1 revealed that 0.25
ratio differed from 0.67 ( p ¼ 0.017) and 0.75 ( p ¼ 0.002) and
0.50 differed from 0.67 ( p ¼ 0.045) and 0.75 ( p ¼ 0.023).
Lizards preferred the larger quantity in any ratio in
Experiment 1. No significant preference for any ratio
in Experiment 2 was found (table 1).
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Figure 2. Results. Proportion of choices for the larger amount is plotted
against the ratio of quantities presented in Experiments 1 and 2. A significant
choice for the larger amount was found in all contrasts of Experiment 1,
while no choice in any numerical ratio was found in Experiment 2. The
dotted line represents chance level (0.50). Bars refer to standard errors.
(Online version in colour.)
Table 1. Performance of lizards as a function of the ratio in Experiments 1
and 2.
experiment ratio
one-sample
t-test
Cohen’s
d
Experiment 1 0.25 t8 ¼ 7.476,
p, 0.001
2.492
0.50 t8 ¼ 6.459,
p, 0.001
2.153
0.67 t8 ¼ 2.501,
p ¼ 0.037
0.837
0.75 t8 ¼ 2.488,
p ¼ 0.038
0.829
Experiment 2 0.25
(1 versus 4)
t8 ¼ 2.141,
p ¼ 0.065
0.714
0.50
(2 versus 4)
t8 ¼ 20.093,
p ¼ 0.928
0.031
0.67
(2 versus 3)
t8 ¼ 21.685,
p ¼ 0.130
0.561
0.75
(3 versus 4)
t8 ¼ 0.378,
p ¼ 0.715
0.126
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34. Discussion
This study provides the first evidence of quantitative abilities
in reptiles, a group of vertebrates not previously investigated
in this field.
Experiment 1 showed that lizards prefer to reach the
larger amount of food, being able to select the largest items
in all contrasts presented, probably in order to optimize
food intake. In this test, numerical information was made
irrelevant (1 versus 1); hence the ability to select the larger
amount was entirely based on the comparison of items’
size. However, their performance was increasingly more pre-
cise as the ratio between the smaller and the larger quantity
decreased, in line with Weber’s law. The capacity to discrimi-
nate these ratios and ratio-dependence of the performance
strictly resemble those observed in other vertebrates tested
with similar size-discrimination tasks (e.g. chimpanzees [2];
salamanders [4]; guppies [5]).
On the contrary, in Experiment 2 lizards seem to be
unable to optimize food intake when multiple items are avail-
able, showing no preference for either group in the presence
of food presented in discrete quantities. As far as we are
aware, these data represent a true exception in numerical cog-
nition studies. For instance, when presented with food items
differing in number, fish are able to discriminate up to a 0.50
ratio [5], dogs up to 0.67 [9], pigeons up to a 0.86 ratio [3], and
apes up to a 0.90 ratio [10].
Two hypotheses could be advanced. First, it is possible that
lizards’ motivation is different in the two tests. In nature, while
an individual is reaching one prey in the patch, other conspe-
cifics could try to capture other ones. Hence, we could
hypothesize an advantage for the individual that detects and
consumes the largest prey first. As suggested in other species
[2,5], natural selection might have favoured decision mechan-
isms that prioritize the search for larger prey instead of the
search for patches containing more overall prey.
As an alternative, the lack of preference observed in Exper-
iment 2 may reflect a true limit in lizards’ ability to process
quantitative information. If so, this study would raise an inter-
esting issue in the evolution of numerical abilities. As different
species show similar performance in numerical tasks, the exist-
ence of a core number system shared by all vertebrates and
inherited by a common ancestor is widely accepted [8,11].Hence, a similar performance between reptiles and closely
related vertebrate groups would be expected. We did not
observe this pattern, as fish species show higher numerical
abilities than lizards. One potential explanation for this evol-
utionary paradox could be related to the potential genetic
advantage enjoyed by teleost fish during their early evolution,
a whole-genome duplication that took place within the
ray-finned fishes but after their divergence from the lineage
leading to land vertebrates. Recently, Schartl et al. [12] found
higher duplicate retention rate for putative cognition-related
genes in fish. The possibility exists that this early evolutionary
event may have actually promoted the appearance in fish
of complex cognitive skills (including numerical abilities)
that are similar to mammals’ and not observed in closely
related vertebrate groups, a hypothesis that needs to be
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